Introduction
Although the variety of instruments available to the surgeon are considerable the retrieval of residual stones at choledochotomy can still pose a major challenge. In 1967 both Knight! and Berman and Pfeffer'' suggested using the Fogarty balloon-tipped catheter which had found wide acceptance in peripheral vascular surgery as an adjunct in surgery for choledocholithiasis. The following year Fogarty" introduced a specifically modified balloon-tipped catheter for biliary surgery and reported a three year prospective study in which the incidence of retained stones in patients whose ducts were explored by conventional instruments supplemented by balloon-tipped catheters was less than half that reported for patients in whom conventional instrumentation alone was employed.
In this report and in the literature accompanying the catheter one is advised that the pliability of the catheter, its unique insertion mechanism and the balloon-tip provide obvious advantages in adapting to the complex structure of the biliary tract. Thus it proves helpful in eliminating excessive manipulation with rigid instruments and minimizes the possibility of immediate operative and postoperative complications. However, having recently had a case of complete disruption of the proximal bile ducts following use of this balloon catheter, who was referred to our unit having developed a biliary stricture we decided to review other surgeons experience with this instrument since its introduction 20 years ago, and to assess its current role if any in the light of the availability of choledochoscopy.
The catheter comes in two sizes. The smaller one measures 1.5 mm in diameter and the balloon inflates to 8 mm. The large one is 2 mm in diameter and inflates to 14 mm. The overall length of the catheter is 25 em. The balloon differs from the arterial catheter in that it comes off at right-angles to the catheter body, thus imparting a greater extracting action during withdrawal. The catheter has a malleable stylet which allows the surgeon to preform the shape of the instrument for so-called selective introduction into the hepatic radicles and areas of angulation. One is advised that with the stylet removed the distal 5 mm of the catheter becomes quite pliable so that it should bend itself rather than perforate the duct, when used within the bounds of surgical caution.
The basic concept involves passing the uninflated balloor eatheter into the common duct through a choledochotomy. When the desired position distal to the gallstones is reached, the balloon is inflated and gently withdrawn, bringing with it the calculi in the duct.
Case report
A 63-year-old lady was referred to our institution with a history ofrecurrent rigors associatedwithjaundice.Sixteen months previously she had an elective cholecystectomy performed. At peroperative cholangiography there were a number of stones in the left and right hepatic ducts and in the common bile duct and following explorationofthe ducts, a Fogartybiliary balloon catheter wasintroduced proximally to removeresidual stones.Over-inflation ofthe balloonsplit both the right and left hepatic ducts and the proximal common hepatic duct. At the time, a primary repair was performed reflectingthe cystic ductstump upwardsto repair the breachin the right hepaticduct and both the left hepatic duct and the common hepatic duct were repaired primarily using interrupted Vicryl@. A Jacques tube stent was inserted proximallyinto the common hepatic duct and left in situ for five months.
Following removal of the stent she remained very well for the subsequent seven months and then developed jaundice associated with rigors. These symptoms recurred at increasingly frequent intervals overthe next few months. An ultrasound examination of the biliary tract showed the intrahepatic bile ducts were dilated and the common bile duct was not identified. Her bilirubin was normal Figure 1 . A short stricture is demonstrated in the common hepatic duct near the confluence ofthe right and left hepatic ducts. Multiple small stones are demonstrated in the left inferior segmental duct at 10mmolJl but her liverenzymes, particularlythe alkaline phosphatase were markedly elevated. An ERCPwas then performed and this showed a normal pancreatic duct and distal common bile duct. However, there was a stricture in the common hepaticductwith dilatedproximal intrahepatic ducts containing sludge and small stones ( Figure 1 ).
Anexploratory laparotomy wasperformed throughthe old incision. Following division of adhesions the dilated short common hepatic duct was identifiedand opened proximal tothe stricture. A largeamountofsludge and multiple stones were washedout of the intrahepatic ducts. An end-to-side hepaticojejunostomy Roux-en-Y wasfashioned usinga single layer ofinterrupted 4-0 prolenesutures. ATvtubestent was inserted and this was removed following a normal T-tube cholangiogram at two weeks. Her postoperative course was uneventful and shortly afterwards her liver enzymes were normal and the alkaline phosphatase had dropped dramatically. She has remained well to date.
Results: World experience
Prior to initiating his prospective study Fogarty" evaluated the instrument and technique at 20 postmortem examinations. He noted that as with other instruments vigorous probing or overdistension could result in damage. He then compared 75 common duct explorations in which the balloon catheter was employed with 75 consecutive explorations prior to the availability of this catheter. There were 14 retained calculi in the 150 common duct explorations. Four of these were in the group in which the balloon catheter technique was employed and 10 in the other group.
In the catheter group one patient got postoperative pancreatitis and two bled from duct trauma. Whereas in the non catheter group three got pancreatitis and seven sustained significant duct trauma.
Anderson and his colleagues" outlined a number of diagnostic and therapeutic manoeuvres which could be performed with the catheter and also documented transient bleeding in one patient and failure to dislodge three impacted calculi in the right hepatic duct of another patient. They acknowledged the balloon tipped catheter as a useful adjunct to surgery of the biliary tree but warned of its definite limitations and potential complications.
Henzel and de Weese 5 reported 24 cases in which the balloon catheter was employed. There were no residual stones but intrahepatic biliary duct disruption occurred in three cases and haemobilia in one. Duct disruption was diagnosed on post manipulation peroperative cholangiography and complete resolution of the intrahepatic cavities occurred after more than four weeks of T-tube drainage.
Van Way and Sawyers'' reported a further case of intrahepatic duct disruption after insertion of the balloon catheter. This also resolved spontaneously on T·tube drainage.
Discussion
The Fogarty balloon tipped arterial catheter has been successfully employed for a number of years in the extraction of thrombus and embolic material and is now widely used. However, its shorter modification designed for biliary surgery has now been available for 20 years'' and has not achieved such widespread acceptance.
It would appear that the biliary balloon catheter may have a limited role to play in the armamentarium of the biliary surgeon provided it is used by an experienced surgeon who is aware of the fragile nature of the proximal hepatic ducts and the Journal of the Royal Society of Medicine Volume 82 September 1989 543 subsequent dangers from over inflation of an intraluminal balloon.
A number of authorsv'' have documented the success of the procedure and the low morbidity and mortality when combined with the conventional forceps, scoops, probes, dilators and irrigators. Others's? have reported haemobilia and partial bile duct disruptions and cautioned as to the limitations and risks from overdistension of the balloon or overvigorous probing.
Our case documents the first report of complete disruption of the common hepatic duct and the right and left hepatic ducts thus prompting this review.
Henzel and de Weese 5 felt that two out of their three intrahepatic duct disruptions were avoidable because the stones were successfully extracted in both using the catheter but in one patient the duct was disrupted distal to the stones and in the other, the duct was disrupted on the contralateral side. Accordingly they advised (a) the avoidance of routine use of balloon tipped catheters when exploring intrahepatic ducts, (b) using the provided stylet to selectively guide the catheter to the identified stone (c) avoid impacting tip of catheter into terminal hepatic ducts, and (d) inflate balloon cautiously in controlled fashion, when retrieving identified hepatic stones.
Having studied the balloon carefully we would like to highlight a further precaution of inflating and deflating the balloon repeatedly prior to introducing it in a collapsed state into the duct. From our experience there is quite considerable resistance to initial balloon inflation which then inflates suddenly. This resistance is overcome with repeated inflation and the balloon can then be used in a more controlled manner, thus hopefully avoiding overdistension and duct disruption.
A peroperative T-tube cholangiogram is mandatory following passage of the balloon catheter and this should be scrutinized carefully for any evidence of duct disruption or extravasation of contrast. It is important to emphasize that haemobilia is not a reliable indicator of duct damage as none of the documented duct disruptions had haemobilia! Ifthere is evidence of intrahepatic duct disruption or an intrahepatic cavity on cholangiography then Henzel and his colleagues? advise external biliary drainage via a T-tube until the cavity has resolved. This took six to five weeks in their two patients. The bile should be cultured regularly and appropriate antibiotic cover initiated.
If injury to the major ducts is recognized at the time of surgery then an end to end ductal repair over a T·tube or a Roux-en-Y hepaticojejunostomy should be fashioned. If the initial diagnosis is delayed or there is stricture formation then Roux-en-Y hepaticojejunostomy is the operation of choice", Recently, Schreiber and Fletcher!' described a technique for removal of difficult stones in the distal common bile duct by combining the choledochoscope and the biliary balloon catheter. Under direct vision the catheter which has been passed alongside the choledochoscope is positioned distal to the stone and the balloon is then inflated. A similar technique could be used in the proximal main ducts and should significantly reduce the risk of duct disruption from overdistension of the balloon.
Prior to the advent of choledochoscopy it was advocated that the overall value of this balloon catheter outweighed the risk of a complication. In its continued use in the absence of choledochoscopy great care should be taken to avoid overdistension or excessive probing. However, in present day biliary surgery we suggest that its use should be restricted to that of passage and inflation under direct vision with the choledochoscope.
